Extract
factors that control the enzyme activities required for F A 0 must therefore be considered an important facet of newborn manageThere is only indirect evidence to suggest that the sudden ment, postpartum appearance of dietary lipid regulates the ~erinatal There is indirect evidence (I, 17) to support the suggestion (17, development of the enzyme pathways required for acid 18) that the sudden postpartum appearance of dietary lipid oxidation. To test this idea directly, rabbit pups were maintained on regulates the perinatal development of the pathways for FAO. diets containing lipid to equal either 14.2% (LF) or 77.6% (HF) of Direct evidence is lacking because of inherent difficulties in the total caloric intake. Palmityl coenzyme A oxidation rates in the varying the lipid content in the neonatal diet oflaboratory animals,
Presence of excess ADP and carnitine were measured ~" l a r o g r a~h iorder to provide a new approach to this question, we recently cally in heart and liver homogenates. No significant difference in established a model in which the amount of dietary lipid could be oxidation rates between H F and LF groups wasObservedeven at lo controlled from birth to 10 days of age (3) . In the model, rabbit days of age. Pa'mit~l coenzyme A oxidation in both groups was pups were maintained on diets containing lipid to equal either carnitine dependent and was in genera1 the same as that 14.2% or 77.6% of the total caloric intake. We report here a mother-fed animals. Similarly, an evaluation of cytochrome oxidase comparison of these two groups with respect to maximum rates of activity and glutamate + malate-supported respiration in heart and palmityl coenzyme A oxidation in heart and liver as a first step to liver homogenates revealed no difference attributable to diet.
elucidating a possible modulating effect of lipid diet on F A 0 To consider the possibility that fatty acid oxidation might be during the immediate postnatal period. specifically increased or decreased over other mitochondria1 respiratory activity as a function of diet, palmityl coenzyme A oxidation rates were normalized with respect to glutamate + malate oxidation METHODS rates. A similar comparison was made relative to cytochrome oxidase activity. Still no differences were observed between H F and CARE AND FEEDING O F NEONATES LF groups.
New Zealand white rabbits were used in all experiments. By studying the maximum rate of oxygen utilization in the Newborn littermates were maintained on high fat (HF) or low fat presence of excess carnithe and palmityl-coenzyme A we would (LF) artificial diets as previously described (3) . The LF diet have detected any change in a rate-limiting step for fatty acid provided approximately 14% of total calories as lipid, and the H F oxidation beyond acyl activation. We must conclude, therefore, that diet provided approximate~y 78% of the total calories as lipid. large differences in the proportion of postnatal dietary lipid do not influence the cellular capacity to oxidize palmityl coenzyme A.
PREPARATION O F TISSUE HOMOGENATES

Speculation
Animals were killed and exsanguinated by decapitation. Whole homogenates of heart and liver of individual animals were We found no evidence to support the suggestion that the ability to prepared as noted previously (2) . oxidize long chain fatty acids is influenced by the amount of lipid in the postnatal diet. It seems likely that factors other than dietary BIOCHEMICAL ASSAYS lipid may be more important in regulating perinatal ~l~~~~~t + malate-supported respiratory activity and cytoenergy metabolism.
chrome oxidase were measured in homogenates by the polarographic technique described elsewhere (2) . Maximum rates of fatty acid oxidation were also measured polarographically (18) with the Neonatal life places large and urgent demands ' POn following additions to the assay medium: homogenate (1-3 mg energy metabolism. At birth, there is a sudden change in availabil-protein) followed successively by about mg fat-free (8) bovine ity of energy-yielding substrates: maternal blood glucose is serum albumin (BSA), 50 pg palmityl coenzyme A (Pal-CoA), 300 a high fat diet Of Besides a change in the nmol ADP, and 1 pmol L-carnitine. All substrates were present in Potential source of energy, there is a demand for more energy; in excess. protein was by the of L~~~~ (1 1).
addition to ongoing needs for growth and differentiation, there are Results were calculated as nanoatoms of oxygen utilized per min new requirements for movement and heat production. Although per mg protein.
liver glycogen stores are present at birth, these are rapidly depleted (13, 19) . Once nursing commences, dietary lipid is a ready source of energy, but the capacity for fatty acid oxidation is deficient in MATERIALS the mammalian neonate (4, 7, 10, 18, 20) ; rapid maturation of the Crystalline BSA (fraction V), Pal-CoA, and ADP were all from enzymatic pathways for fatty acid oxidation (FAO) is suddenly Sigma Chemical Company. L-Carnitine was a gift from Dr. essential to survival and normal development. Understanding the Joseph Warshaw. Figure 1 to illustrate that both ADP and L-carnitine were usually necessary for the expression of maximum rates of Pal-CoA oxidation. It is well established that carnitine is required for transfer of Pal-CoA into the mitochondria via a palmitylcarnitine intermediate. Therefore, the significant oxidation rates observed before the addition of carnitine suggest that some endogenous carnitine is present (5). In preparing homogenates, endogenous carnitine levels were probably diluted to levels that are apparently rate limiting, since the addition of excess carnitine produced an increase in oxidation rates. This increase was usually greater for liver (Fig. la) than for heart (Fig. lb) , which may reflect higher endogenous carnitine levels in heart tissue. Others have reported higher carnitine levels in heart as compared with liver in piglets (5). It is also possible the carnitine levels required for maximum rates of Pal-CoA oxidation are lower in heart homogenates as compared with liver.
CELLULAR RESPIRATION IN ANIMALS FED HF A N D LF DIETS
We measured two other cellular respiratory functions, cytochrome oxidase activity and glutamate + malate-supported respiration, both of which have been used as indices of mitochondrial number (17) . Both activities are thought to be proportional to the number of respiratory assemblies; oxygen utilization by intact mitochondria in the presence of glutamate + malate involves Krebs cycle enzymes as well.
An evaluation of cytochrome oxidase activity and glutamate + malate-supported respiration in hearts and livers of H F and L F animals (Tables 1 and 2 
Values shown at each age are means and SEM for the number of individual animals in parentheses. Units are nanoatoms of oxygen per min per mg protein. 
'Values shown at each age are means and SEM for the number of individual animals in parentheses. Units are nanoatoms of oxygen per min per mg protein.
age (Table 3) . Pal-CoA oxidation in both groups was carnitine dependent, higher in heart than in liver, and was in general the same as that of mother-fed animals.
PAL-CoA OXIDATION RELATIVE TO CELLULAR RESPIRATION Because there was considerable variation in Pal-CoA oxidation rates from one animal to another, the results were re-examined in relation to other indices of mitochondrial respiration in each homogenate. Since F A 0 is localized in mitochondria, normalizing the data also made it possible to distinguish whether Pal-CoA oxidation was specifically increased or decreased over other mitochondrial functions.
The rates of Pal-CoA oxidation normalized with respect to glutamate + malate respiratory activity are shown in Figure 2 as a function of age. Similarly, Pal-CoA oxidation relative to cytochrome oxidase activity is shown in Figure 3 . Again no differences were apparent between H F and LF groups, and the values observed were generally similar to those for normal mother-fed pups (not shown). It is interesting that the ratio of Pal-CoA oxidation rates to respiratory activity is approximately the same in both heart and liver. This suggests that although there are 2-to 3-fold more mitochondria in heart than in liver, the capacity for Pal-CoA oxidation per unit of mitochondria is about equal in both tissues. 
'Values shown at each age are means and SEM for the number of individual animals noted in parentheses. Units are nanoatoms of oxygen per min per mg protein. Fig. 2 . Palmityl-CoA (Pal CoA) oxidation relative to glutamate + malate (Glu-mal) oxidation as a function of age in animals maintained on either a high fat ( 0 ---0 ) or low fat (0-0) diet. For each homogenate of liver (a) or heart (b), the rate of Pal CoA oxidation was divided by the rate of Glu-ma1 oxidation determined in the same sample. The normalized values (Pal CoA/Glu-mal) for individual animals were then averaged for each age. The bars represent I SEM for means where n > 2.
LIVER HEART
DISCUSSION
No evidence was found to support the suggestion that the ability to oxidize fatty acids is influenced by the proportion of lipid in the postnatal diet (17) . To our knowledge, this report is the first attempt to specifically test that hypothesis in a direct way. No difference was found in carnitine-dependent Pal-CoA oxidation rates in heart or liver homogenates from animals maintained on H F (78% total calories as lipid) when compared with animals fed a LF diet (14% total calories as lipid). Neither was there any effect of diet on rates of glutamate + malate oxidation or on cytochrome oxidase activity.
A composite summary of the enzymatic steps required for long chain F A 0 is shown in Figure 4 . In order to reach intramitochondrial sites of @-oxidation, long chain fatty acids (e.g., palmitate) are first activated to the acylcoenzyme A derivative, then changed to an acylcarnitine by carnitine palmityltransferase A (localized on the outer surface of the inner mitochondrial membrane) (9) . The acylcarnitine derivative traverses the inner membrane, probably via translocase mediated exchange diffusion with carnitine (14) , and is converted back to the acyl coenzyme A derivative by carnitine palmityltransferase B (localized on the inner surface of the inner mitochondria1 membrane) (9) . The acyl coenzyme A derivative is then oxidized by @-oxidation to two carbon fragments (acetyl coenzyme A) which can enter the Krebs cycle. Final oxidation of the reducing equivalents so produced occurs in the respiratory chain. It is possible that overall rates of F A 0 could be controlled at any of these several required steps. Considerable evidence points to carnitine palmityltransferase A as the ratelimiting step in adult animals (6, 12, 16) , although there is some disagreement about the perinatal role of carnitine palmityltransferase (5, 21) .
By studying the maximum rate of Pal-CoA plus carnitine oxidation, any change in a rate-limiting step beyond acyl activation would have been detected. Since no difference was observed between animals fed a H F diet and those fed a L F diet, it must be concluded that large differences in the proportion of lipid in the postnatal diet do not influence the capacity to oxidize Pal-CoA. Since lipid calories in the H F diet were balanced against protein in the LF diet (3), this study also suggests that large differences in the amount of dietary protein (1 1% vs. 57% of the total calories) do not affect rates of FAO.
As the study was nearing completion, it was noted that rabbit milk is somewhat atypical in its fatty acid composition, being enriched in short chain fatty acids (15) . It is important, therefore, to continue this work, modifying the H F diet to include more of the short chain fatty acids, and using those acids as substrates in the biochemical assays before any general conclusions can be made. It will also be important to further modify the LF diet to completely eliminate any fat content, since small amounts may be sufficient for a regulatory role. Rabbit.pups were maintained from birth either on a high fat, low protein diet or on a low fat, high protein diet for as long as 10 days.
Rates of palmityl coenzyme A oxidation, glutamate + malate-supported respiration, and cytochrome oxidase activity in heart and liver homogenates were the same in both groups and similar in all respects to rates observed in mother-fed animals. In view of these findings, the hypothesis that the amount of lipid in the postnatal diet influences the ability to oxidize long chain fatty acids must be re-evaluated. It seems likely that other perinatal stimuli may be more important than diet in regulating oxidative energy metabolism to ensure survival during this critical transition period.
